؉ -transformed cells or pharmacological inhibition of G ␣ i proteins coupled to CCR5 left unsolved whether CCR5-dependent cell activation is necessary for the HIV life cycle. In this study, we investigated the role played by HIV-induced CCR5-dependent cell signaling during infection of primary CD4-expressing leukocytes. Using lentiviral vectors, we restored CCR5 expression in T lymphocytes and macrophages from individuals carrying the homozygous 32-bp deletion of the CCR5 gene (ccr5 ⌬32/⌬32). Expression of wild-type (wt) CCR5 in ccr5 ⌬32/⌬32 cells permitted infection by R5 HIV isolates. We assessed the capacity of a CCR5 derivative carrying a mutated DRY motif (CCR5-R126N) in the second intracellular loop to work as an HIV-1 coreceptor. The R126N mutation is known to disable G protein coupling and agonist-induced signal transduction through CCR5 and other G proteincoupled receptors. Despite its inability to promote either intracellular calcium mobilization or cell chemotaxis, the inactive CCR5-R126N mutant provided full coreceptor function to several R5 HIV-1 isolates in primary cells as efficiently as wt CCR5. We conclude that in a primary, CCR5-reconstituted CD4 ؉ cell environment, G protein signaling is dispensable for R5 HIV-1 isolates to actively infect primary CD4 ؉ T lymphocytes or macrophages.
The requirement of human immunodeficiency virus (HIV)-induced CCR5 activation for infection by R5 HIV type 1 (HIV-1) strains remains controversial. Ectopic CCR5 expression in CD4
؉ -transformed cells or pharmacological inhibition of G ␣ i proteins coupled to CCR5 left unsolved whether CCR5-dependent cell activation is necessary for the HIV life cycle. In this study, we investigated the role played by HIV-induced CCR5-dependent cell signaling during infection of primary CD4-expressing leukocytes. Using lentiviral vectors, we restored CCR5 expression in T lymphocytes and macrophages from individuals carrying the homozygous 32-bp deletion of the CCR5 gene (ccr5 ⌬32/⌬32). Expression of wild-type (wt) CCR5 in ccr5 ⌬32/⌬32 cells permitted infection by R5 HIV isolates. We assessed the capacity of a CCR5 derivative carrying a mutated DRY motif (CCR5-R126N) in the second intracellular loop to work as an HIV-1 coreceptor. The R126N mutation is known to disable G protein coupling and agonist-induced signal transduction through CCR5 and other G proteincoupled receptors. Despite its inability to promote either intracellular calcium mobilization or cell chemotaxis, the inactive CCR5-R126N mutant provided full coreceptor function to several R5 HIV-1 isolates in primary cells as efficiently as wt CCR5. We conclude that in a primary, CCR5-reconstituted CD4
؉ cell environment, G protein signaling is dispensable for R5 HIV-1 isolates to actively infect primary CD4 ؉ T lymphocytes or macrophages.
Human immunodeficiency virus (HIV) entry into host cells requires the interaction of the gp120 viral envelope (Env) glycoprotein subunit with CD4 plus a chemokine receptor that acts as a coreceptor (8) . Conformational changes induced within the HIV Env gp120 surface subunit, upon binding to CD4, lead to the creation of a new coreceptor recognition site on gp120. Subsequent interaction between gp120 and the coreceptor is thought to activate the HIV Env glycoprotein transmembrane subunit gp41, leading to fusion between viral and target cell membranes, resulting in viral entry (8) . CXCR4 and CCR5 are, respectively, the principal coreceptors involved in entry of the X4 and R5 HIV type 1 (HIV-1) strains into primary cells (8) . The importance of CCR5 for HIV-1 transmission is highlighted by the fact that individuals carrying the 32-bp deletion in the CCR5 gene are highly resistant to HIV infection (32) . In vitro, CD4 T cells and macrophages isolated from these individuals lack CCR5 expression and are selectively refractory to infection by R5 HIV-1 isolates (31).
CXCR4 and CCR5 belong to the family of G protein coupled receptors (GPCR), which transduce signals via heterotrimeric G protein (8) . Engagement of these coreceptors by HIV Env gp120 during viral entry initiates G protein-dependent signal transduction pathways which lead to calcium mobilization, activation of the tyrosine kinase pyk2 and FAK, and cell chemotaxis (11, 14, 25, 30, 37) . Such signals may provide a link between HIV binding to the coreceptors and the regulation of cell functions (e.g., growth, survival, or differentiation) and perhaps even cytoskeletal modifications that may facilitate further virus entry and subsequent propagation to uninfected cells (10, 19) . Indeed, the requirement of CCR5 and CXCR4 for HIV infection raises the question of whether their role as viral coreceptors is merely passive or, in contrast, actively involves cell signaling stimuli that may influence virus entry and early, postfusion events of viral replication. To date, a number of studies have suggested that coreceptor-mediated signaling is not essential for HIV entry into target cells. Indeed, blockade of the G ␣ i subunit of heterotrimeric G proteins by pertussis toxin (PTX), truncation of the CCR5 intracytoplasmic C-terminal tail, or mutation of the highly conserved Asp-Arg-Tyr (DRY) motif in the second intracellular loop required for agonist-induced CCR5 activation does not alter the capacity of CCR5 to support entry of R5 HIV-1 isolates (2, 5, 12, 15, 17) . Similar mutations in CXCR4 also fail to affect its coreceptor capacity in vitro (3, 22, 35) . Together, these findings, which were obtained in transformed cell lines, lead to the concept that coreceptor-mediated signaling initiated by HIV is not required for viral entry into host cells. However, indirect evidence opposing these conclusions has suggested that corecep-tor-mediated signaling may indeed modulate HIV infection in primary cells. Inhibition of F-actin polymerization by cytochalasin D prevents HIV entry into activated peripheral blood mononuclear cells (PBMCs) (19) . Moreover, PTX-or protein kinase C-dependent desensitization of CCR5 prevents cell entry of R5 HIV-1 isolates into primary, activated T lymphocytes without disturbing CCR5 or CD4 cell surface expression (1, 18) . Finally, in macrophages, the capacity of R5 HIV-1 to replicate correlates with the ability of the virus to signal through CCR5, leading to the hypothesis that coreceptor activation determines the outcome of HIV replication in these cells (6) . Thus, controversy regarding the role of coreceptormediated signaling in HIV-cell fusion and early postentry events persists. The divergent conclusions raised by the authors cited above may be accounted for by the disparate origin, activation, and differentiation statuses of the cells used. Alternatively, they could be due to the use of drugs (PTX, oligomer B, cytochalasin, etc.) with wide-ranging and often unpredictable effects on the target cells.
In this study, we used a lentivirus-mediated gene transfer strategy to introduce wild-type (wt) or signaling-deficient CCR5 molecules into primary T cells and macrophages from ccr5 ⌬32/⌬32 individuals in order to investigate the contribution of G protein signaling to HIV replication.
MATERIALS AND METHODS
DNA constructs. The wt CCR5 pcDNA3 vector (Invitrogen) was a gift from B. Moser (Theodor Koher, Bern, Switzerland). The CCR5-R126N mutant was constructed by site-directed mutagenesis (Quickchange kit; Stratagene, La Jolla, Calif.) and inserted into a pcDNA3 vector. This CCR5 mutant receptor carries a mutation affecting the highly conserved DRY motif located in the second, intracellular loop of CCR5. TRIP ⌬U3 is an HIV-1-derived vector that was modified to include a 178-bp HIV-1 DNA fragment encompassing the central polypurine tract, the central termination cis-active sequence, the enhanced green fluorescent protein gene downstream of the cytomegalovirus (CMV) promoter, and a 400-bp deletion in the HIV-1 long terminal repeat U3 enhancer region (13) . TRIP ⌬U3-CMV vectors encoding CCR5 cDNAs were generated by replacing the BamHI-XhoI fragment encoding EGFP with a PCR-generated BamHI-XhoI fragment carrying either wt CCR5 or CCR5-R126N nucleotide sequence. All PCR products were sequenced using the dideoxy method.
Lentivirus vector production. 293T cells were maintained in Dulbecco modified Eagle medium (Life Technologies) supplemented with 10% fetal calf serum (FCS), 100 U of penicillin per ml, and 100 g of streptomycin per ml. Stocks of TRIP ⌬U3-CCR5 infectious particles were prepared in 293T cells by transient cotransfection of the corresponding CCR5-expressing vector; an encapsidation plasmid lacking vif, vpr, vpu, and nef accessory HIV-1 genes (40); and a vesicular stomatitis virus G protein (VSV-G) Env expression plasmid (pHCMV-G) (39) as previously described (27) . Culture supernatants were collected at 48 h after transfection and cleared of cellular debris by low-speed centrifugation. The amount of VSV-G-pseudotyped particles was evaluated by measuring HIV-1 Gag p24 with an antigen capture enzyme-linked immunosorbent assay (NEN, Life Science). Aliquots of vector stocks were stored at Ϫ80°C until needed.
Lentiviral transduction. The lymphoblastoid T-cell line MT4 was maintained in RPMI 1640 medium supplemented with 10% FCS, 100 U of penicillin per ml, and 100 g of streptomycin per ml. PBMCs from ccr5 ⌬32/⌬32 individuals were isolated by centrifugation through a Ficoll-Hypaque gradient (Sigma Aldrich, St. Louis, Mo.) and activated for 2 days with 3 g of phytohemagglutinin (PHA) per ml before transduction with lentiviral expression vectors. In some experiments, ccr5 ⌬32/⌬32 PBMCs were depleted of monocytes and cultured for 5 days in complete medium supplemented with 10 ng of interleukin-2 (IL-2) and IL-15 (Peprotech Inc.) per ml. MT4 or ccr5 ⌬32/⌬32 cells (10 6 ) were then incubated for 12 h with TRIP ⌬U3-CCR5 vector particles at a concentration corresponding to 500 ng of Gag p24 per ml, washed, and cultured in vitro for 48 h to ensure optimal transgene expression. Macrophages were isolated from Ficoll-isolated PBMCs by plastic adherence in 48-well plates and cultured for 7 days in RPMI 1640 medium supplemented with 10% FCS, 10% human serum, 100 U of penicillin per ml, and 100 g of streptomycin per ml. Thereafter, cells were transduced with TRIP ⌬U3 encoding either wt CCR5 or CCR5-R126N (1000 ng of HIV-1 Gag p24/well) for 12 h, washed, and cultured for 4 days before HIV infection. To evaluate the cell surface expression of CCR5, cells (10 5 ) were incubated on ice for 20 min in phosphate-buffered saline containing 0.5% bovine serum albumin, labeled with phycoerythrin (PE)-conjugated anti-CCR5 2D7 monoclonal antibody (MAb) (Pharmingen), washed in phosphate-buffered saline, and analyzed by fluorescence-activated cell sorting (Becton Dickinson, Pont de Claix, France). Background fluorescence was measured by using an immunoglobulin isotype control antibody (Pharmingen).
HIV-1 infection assays. The JR-CSF luciferase (Luc) is an HIV-1 provirus which carries the firefly luc reporter gene in place of the HIV-1 nef gene and was a gift from V. Planelles, Rochester, N.Y. Replication-competent JR-CSF luc viruses were generated as described by Davis et al. (14) . 293T cells were transfected by calcium phosphate coprecipitation with JR-CSF luc provirus. Viruses were harvested at 48 h after transfection, filtered through 0.45-m-pore-size filters, and stored at Ϫ80°C until needed. For HIV infection, cells were incubated with JR-CSF luc viruses for 4 h at 37°C, washed, and cultured in their appropriate culture medium. Cell lysates were obtained at 3 days postinfection, and luciferase activity was determined as previously described (29) . HIV-1-GFP reporter virions pseudotyped with Ba-L Env were generated as previously described by cotransfection of HIV-1 NL ⌬Env GFP provirus (a gift from D. R. Littman, Skirball Institute, New York, N.Y.) and a cDNA plasmid encoding R5 isolate Ba-L Env (a gift from D. R. Littman). Activated PBMCs were infected with pseudotyped virions for 4 h, washed, and cultured for 3 days. Cells were simultaneously stained with anti-CD4-allophycocyanin (APC) and anti-CD45RO-PE MAb (Pharmingen) and then fixed in 4% paraformaldehyde. HIV replication was assessed by detecting GFP by flow cytometry on gated CD4 T cells. In some experiments, PBMCs or macrophages were infected with the R5 HIV-1 Ba-L virions (generated in mitogen-stimulated PBMCs), and HIV-1 replication was determined by measuring the amount of HIV-1 Gag p24 in culture supernatants.
Calcium mobilization assay. The calcium mobilization assay was performed as previously described (28) . Briefly, MT4 cells (2 ϫ 10 6 ) were loaded with 1.5 M fura-2-AM in culture medium. After a 20-min incubation at 37°C, cells were centrifuged and the pellet was resuspended in 1 ml of mammalian saline buffer 
RESULTS AND DISCUSSION
Functional characterization of lentivirus-expressed wt CCR5 and CCR5-R126N in lymphoblastoid T cells. The high gene transduction efficiency of the TRIP ⌬U3 vector used in this study is illustrated in Fig. 1A . In this experiment, MT4 cells or PHA-activated PBMCs were incubated with VSV-G Envpseudotyped TRIP ⌬U3-CMV-EGFP vector particles for 12 h and thereafter cultured in their appropriate medium for an additional 48 h to ensure optimal gene expression. Usually, GFP expression was detected in 100% of MT4 cells and in more than 80% of IL-2-expanded PBMCs (Fig. 1A) .
TRIP ⌬U3 vectors plasmids encoding either the wt CCR5 or a mutant receptor carrying a single mutation in the DRY motif (CCR5-R126N) were generated. It is well established that the DRY motif is critical for coupling of G ␣ i or G ␣ q to a number of GPCR (26) and for agonist-mediated activation of CCR5, leading to chemotaxis, intracellular calcium mobilization, or phosphatidyl inositol turnover (15, 17) . A CCR5 molecule carrying combined D125N and R126N mutations was able to bind CCR5 ligands but failed to mobilize intracellular calcium (15) . A CCR5 variant carrying the single substitution R126N bound MIP-1␤ with an affinity similar to that of its wt counterpart and was also unresponsive to agonist activation (15) . The functional characteristics of both wt CCR5 and CCR5-R126N were evaluated in human lymphoblastoid CD4 ϩ MT4 cells, and CCR5 expression was investigated by using the anti-CCR5 MAb 2D7, which recognizes a conformational epitope in the second, extracellular domain of the receptor (38) . We observed that both the wt CCR5 and CCR5-R126N proteins were expressed at fairly comparable levels at the cell membrane (Fig. 1B) . In both cases, the bulk of the transduced cells maintained the expression levels of wt CCR5 or CCR5-R126N protein, as well as CD4 and CXCR4 expression, for up to 4 months (data not shown). Using these stable transfectants, we tested whether wt CCR5 and CCR5-R126N were activated in response to MIP-1␤ stimulation. Agonist-dependent mobilization of calcium from intracellular stores was observed in MT4 cells expressing wt CCR5, while both the parental and CCR5-R126N-expressing cells remained unresponsive (Fig. 1C) . This finding is in keeping with data from previous reports showing that activation of G protein-dependent pathways requires the integrity of the DRY motif in CCR5 (15, 17) . The capacities of wt CCR5 and CCR5-R126N to permit a full R5 HIV-1 replication cycle were investigated by using the JR-CSF luc reporter virus. Figure 1D shows that both wt CCR5 and CCR5-R126N allow HIV replication of R5 HIV-1 JR-CSF luc in MT4 cells. Similar results were obtained with R5 HIV-1 Ba-L and YU2 strains, as indicated by HIV-1 Gag p24 production in supernatants of infected cells (data not shown). Like the nontransduced MT4 cells, transfectants expressing either wt CCR5 or CCR5-R126N were susceptible to infection by X4 HIV-1 isolates (data not shown). These results show that the CCR5-R126N molecule allows R5 HIV-1 replication in MT4 cells despite its inability to support agonist-induced CCR5 activation. Overall, our findings show that, as in other transformed cell lines cells (15, 17) , G protein signaling is not required for CCR5 coreceptor function and viral replication in lymphoblastoid T cells. Similar results were obtained for herpesvirus saimiri-immortalized ccr5 ⌬32/⌬32 CD4 ϩ T lymphocytes. Gene transduction by VSV-G-pseudotyped TRIP ⌬U3 vector particles enabled membrane expression of wt CCR5 or CCR5-R126N and, in both cases, rendered herpesvirus saimiriimmortalized ccr5 ⌬32/⌬32 CD4 ϩ T lymphocytes susceptible to infection by R5 HIV strains (data not shown).
Next, we took advantage of the properties of the TRIP ⌬U3-based transduction system to express wt or mutated CCR5 molecules in primary T lymphocytes or macrophages from CCR5-null individuals and studied their ability to support HIV-1 infection.
Role of G protein signaling in replication of R5 HIV strains in primary T cells and macrophages. The controversy regarding the HIV cell cycle and its dependency on coreceptormediated signaling relies basically on the presumed requirement of CCR5 activation by R5 HIV-1 Env to allow productive infection in primary, nontransformed CD4 T lymphocytes and macrophages (6, 18) . Thus, we compared the capacities of wt CCR5 and CCR5-R126N mutants to support R5 HIV-1 infection when overexpressed in primary cells. PHA-activated PBMCs from a ccr5 ⌬32/⌬32 individual were exposed to TRIP ⌬U3-CCR5 vector particles for a 12-h period and were thereafter cultured for 4 days in IL-2-containing medium. As expected, we found that ccr5 ⌬32/⌬32 cells did not express membrane CCR5. High levels of CCR5 expression were detected in ccr5 ⌬32/⌬32 PBMCs after gene transduction, and wt CCR5 and CCR5-R126N were expressed at comparable levels in 100% of activated PBMCs (Fig. 2A) . Parental, wt CCR5, and CCR5-R126N cells were then examined for their susceptibility to R5 HIV-1 infection. As shown in Fig. 2B and C, R5 viruses failed to replicate in ccr5 ⌬32/⌬32 CD4 ϩ cells. Primary cells transduced with wt CCR5 or CCR5-R126N became highly susceptible to infection by the R5 HIV-1 isolates JR-CSF luc and Ba-L, as indicated, respectively, by the accumulation of luciferase activity in cell lysates (Fig. 2B) and HIV-1 Gag p24 production in the culture supernatants (Fig. 2C) . Similar results were obtained with the R5 HIV-1 strains YU2 and ADA (data not shown). It should be noted that, reproducibly, CCR5-R126N supported infection by R5 HIV-1 strains more efficiently than its wt counterpart. The mechanisms accounting for this difference are unknown.
It was previously suggested that replication of R5 HIV-1 isolates occurs preferentially in memory CD4 ϩ T cells, as identified by the presence of CD45RO ϩ antigen (9) . To rule out the possibility that HIV-1-induced CCR5 activation occurring in other CD4
ϩ T-cell subpopulations could interfere in the assessment and interpretation of our findings, we selectively evaluated the replication of HIV-GFP reporter virions pseudotyped with Ba-L Env in CD45RO ϩ CD4 ϩ T lymphocytes from ccr5 ⌬32/⌬32 cells transduced with either wt CCR5 or CCR5-R126N vectors. As observed previously, in the bulk of CD4 ϩ T cells, the CCR5-R126N receptor supported R5 HIV-1 replication as efficiently as did its wt CCR5 counterpart in CD45RO ϩ CD4 ϩ T lymphocytes (Fig. 2D) . We next investigated whether cell signaling induced by the potent polyclonal mitogen PHA could mask the requirement for CCR5 activation induced by HIV-1. For this purpose, we replaced PHA PBMC stimulation by either IL-2 or IL-15 cytokines. IL-2 and IL-15 are physiological activators of T lymphocytes and are known to promote efficient HIV-1 transcription in CD4 ϩ T lymphocytes in the absence of cell proliferation (36) . Unlike cell activation induced by potent polyclonal mitogens or through the T-cell receptor, stimulation of resting T lymphocytes with cytokines does not change the state of cell differentiation, as indicated by the preservation of the naive phenotype of cells and the lack of activation markers such as HLA-DR (reference 36 and data not shown). PBMCs from a ccr5 ⌬32/⌬32 individual were depleted of monocytes, stimulated with IL-2 and IL-15, and exposed to VSV-G envelopepseudotyped TRIP-CCR5 vector particles for 12 h. After gene transduction, we found that wt CCR5 or CCR5-R126N was expressed in cytokine-activated ccr5 ⌬32/⌬32 CD3 ϩ T cells. Reproducibly, the cell surface expression level of wt CCR5 was higher than that of CCR5-R126N (Fig. 3A) . As previously observed in PHA-activated PBMCs, CCR5-R126N behaved as a more efficient coreceptor than wt CCR5 (Fig. 3B) . These findings indicate that the independence of CCR5 activation shown by R5 HIV infection of T cells occurs whatever mechanism is used to activate T cells and support HIV replication.
The capacity of macrophages to support replication of R5 HIV or simian immunodeficiency virus isolates has been correlated with the capacity of their corresponding viral Env to signal through CCR5 (6) . R5-dependent HIV-1 isolate 92MW959, which enters but does not replicate in macrophages, fails to trigger CCR5-dependent calcium mobilization. This contrasts with the capacity of R5 HIV-1 isolate Ba-L or JR-FL to both activate CCR5 and productively infect macro- phages, since these cells constitutively express CXCR4 coupled to a functional cellular transduction machinery.
To accurately assess whether replication of R5 HIV-1 isolates in macrophages relies on CCR5 activation by HIV-1 R5 Env, we transduced ccr5 ⌬32/⌬32 macrophages with either wt CCR5 or CCR5-R126N vector particles, and thereafter we inoculated cell cultures with HIV-1 Ba-L. Similar to the case in primary leukocytes, lentiviral transduction of CCR5 restores both expression and HIV coreceptor function in ccr5 ⌬32/⌬32 macrophages (Fig. 4) . As noted before, CCR5-R126N showed a better capacity to permit HIV-1 Ba-L infection than wt CCR5 (Fig. 4B) . We conclude that productive replication of HIV-1 R5 isolates can be dissociated from the activation of CCR5-coupled G protein transduction pathways. It should be noted that CCR5 activation independence of R5 HIV infection in macrophages is observed in the absence of exogenous stimulation. Thus, like in primary T lymphocytes, the activation status of the host cell does not seem to influence significantly the autonomy of R5 HIV strains to infect and replicate independently of CCR5 activation.
HIV-1 Env proteins, namely, those of R5 isolates, induce cell activation mechanisms characteristics of chemokine receptor ligation by their natural agonists (14) . Indeed, R5 or X4 HIV-1 purified Env and, in some circumstances, HIV-1 particles induce chemotaxis, calcium mobilization, or Pyk2 phosphorylation, which involve activation of PTX-sensitive G proteins (14, 25, 37) . The sensitivity of chemokine-or HIV-1 Env-induced cell signals to the inhibitory effect of PTX suggests that G ␣ i is the most prominent family of G ␣ proteins transducing HIV coreceptor-mediated cell activation. However, it is noteworthy that chemokine receptors can couple to G ␣ q as well as to G ␣ i (4, 21) . Importantly, both families of G ␣ proteins have been shown to rely on the integrity of the DRY motif to bind to a number of GPCR (16, 34) . This and the inability of the CCR5-R126N mutant to initiate the activation of classic GPCR second messengers upon agonist ligation make very unlikely the coupling of CCR5 to G ␣ proteins in the different T cells and macrophages used as experimental models in this work. It is striking that, despite the CCR5 agonist capacity of R5 HIV Env, we do not observe any evident effect of CCR5 ligation by R5 HIV regarding the viral life cycle. The inability of R5 HIV Env to influence HIV infection contrasts with the well-documented ability of chemokines to enhance in vitro X4 or R5 HIV-1 infection of various cells (6, 20, 23, 24) . Thus, macrophage activation by RANTES or MIP-1␣ increases replication of a number of R5 HIV-1 isolates (6, 33) . Moreover, chemokines that bind CCR5 have been found to enhance infection of T lymphocytes by X4 HIV isolates, an effect that is prevented by incubation with the G ␣ i inhibitor PTX (20) . This characteristic is shared by SDF-1, which exerts a PTX-dependent stimulatory effect on the replication of infectious HIV-1 bearing R5 Env or a VSV-G Env protein (23) . Similarly, aminooxypentane-RANTES, a potent inhibitor of R5 HIV strains, promotes, at high molar concentrations, a breakthrough of R5 HIV-1 isolate replication and activation of mitogen-activated protein kinase pathways, both of which are blocked by PTX (24) . The disparate agonist capacity shown by CCR5 natural ligands and R5 HIV-1 Env, regarding their respective capacities to influence the HIV life cycle, could rely on differences in intensity and/or persistence of cell signaling induced by the virus compared to the CCR5-binding chemokines. Thus, in the report by Arthos et al. (6) , the marked ability of MIP-1␣ to boost infection by the 92MW959 HIV-1 isolate, which fails to replicate spontaneously in macrophages, could be due to a CCR5-mediated cell activation capacity of the chemokine that is not shared by the viral particles. The effect of MIP-1␣ could be otherwise accounted for by the well-characterized capacity of the chemokine to bind and activate chemokine receptors other than CCR5 (7). Alternatively, the involvement of yet-uncharacterized mechanisms induced by the viral Env could repress CCR5-dependent activation pathways which lead to enhancement of HIV infectivity. The nature of the mechanisms underlying these divergent features remains unclear.
We conclude that the CCR5-induced G protein cell signaling is not required for efficient R5 HIV-1 infection and replication in both primary T lymphocytes and macrophages.
